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Abstract: Urbanization in numerous developing countries is occurring haphazardly with 
no effective control and regulation, leading to slum growth. To address this growing 
problem, this study sought to demonstrate the role of geographic information systems 
(GIS) in slum upgrading with an objective of developing a methodology for the 
upgrading of slum settlements through the use of geospatial techniques. The framework 
development process was initiated using satellite images to provide a high-resolution 
visual backdrop from which vector data relating to the dwellings and physical risks were 
abstracted. Upon this background, all developmental activities were superimposed. The 
vital elements of the system included vector polygons of the slum shacks, existing access 
and movement routes, physical risk factors and a detailed socio-economic survey 
database. The linkage and utilization of this information provided the basis for the 
development of a replicable methodology for slum settlement upgrading. The adopted 
methodology resulted in a series of thematic maps depicting site constraints such as 
riverbanks susceptible to flooding and landslides, and distribution of water points, 
electricity, employment and gender. Results indicate that GIS forms a crucial basis for 
decision-making regarding slum improvement. Such planning decisions and scenarios 
include determining the slum shacks to be relocated and households to be given priority 
during relocation. The spatial information system was also employed to outline plans for 
improving physical infrastructure, particularly roads, water and sanitation in addition to 
power lines. Finally, the GIS framework was employed to create slum upgrading 
scenarios. This study determined that a riparian zone proposed for rivers within a city 
would result in numerous displacements; therefore, a contextual buffer is recommended 
that would displace a limited number of people on the basis of prevailing environmental 
conditions. 
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1. Introduction
Africa is experiencing a high rate of urbanization exceeding 5% per annum, 
which is attributed to the high rate of rural to urban migration, the high natural 
population growth in urban areas, the extension of urban centre boundaries and 
the uncontrolled growth and expansion of trading centres over time (Baredo & 
Demicheli 2003). In major African cities, urban population is increasing at a 
considerably rapid rate than that of the rest of the world. By the year 2020, 
Africa will have over 10 megacities and over 2,500 cities with populations greater 
than 25,000. An understanding of these changes in such rapidly changing 
environments is critical for city planners and resource managers (Couclelis 1997; 
Li & Yeh 2002). The estimation of future effects of existing spatial plans and 
policies on land-use development, and the consideration of alternative planning 
and policy scenarios for impact minimization, are of particular interest (Acioly 
2009).  
However, because of inadequacies in planning, management and provision 
of basic urban infrastructure, in addition to services in areas of high urbanization 
rates, the urbanization process is occurring in a haphazard manner without 
control or regulation (Abdenur 2009; Boonyabancha 2007). The growth of slums 
has become a natural indicator of the country s urbanization process, and an 
increasing number of urban residents are finding shelter in substandard housing 
in informal settlements with severe sanitation problems. Decaying infrastructure, 
inadequate waste management, lack of proper sanitation facilities and poor 
drainage systems contribute to the overall deterioration of conditions. 
Between 40% and 70% of urban dwellers in developing countries now live 
in slums, and the trend does not show any signs of slowing (UN-HABITAT 
2003). There is growing evidence that the informalization process of urban 
centres in developing countries will persist and that existing policies and 
programs will do little to curb slum expansion (Cohen 2004). It is now well 
established that slum proliferation associated with a lack of security of tenure 
creates changes in the urban form and structure and exacerbates poverty, 
housing problems, inequality and social divisions in most cities in developing 
countries (Burra 2005). Urban and slum policies have reached a deadlock 
situation whereby innovative and effective measures to appropriately address the 
challenges of slum growth barely exist. 
To improve current practices and maximize cost-effectiveness, future slum 
policies and programs should be proactive in their design and implementation; 
that is, they should be drafted to effectively address future growth and related 
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issues before they occur (Abbott 2003). Such measures are crucial in light of 
governmental commitment to upgrade slums and to ensure the attainment of 
millennium development goals of environmental sustainability, which will lead to 
significant improvement in the lives of millions of slum dwellers.  
Such forward-thinking strategies and slum prevention policies would go a 
long way toward achieving long-term reduction and management of slums. One 
way to implement such a paradigm shift to reduce slum occurrence is the 
adoption of an integrated conceptual framework based on spatial technologies, 
specifically geographic information systems (GIS; Abbott 2002). 
Because nearly one billion people across the globe reside in urban slums, 
world leaders outlined specific goals in the United Nations  Millennium 
Declaration, which was designed to create sustainable livelihoods and adequate 
shelter for slum dwellers. 
The proliferation and expansion of settlements with inadequate 
infrastructure and public services in both large and small cities in developing 
countries during the process of urbanization is of paramount importance. In 
general, slums suffer from an inadequate supply of basic public services such as 
water, sewer systems, streets, electricity, schools and health centres; poverty and 
low income; political and social exclusion; insecure land tenure; inadequate and 
substandard buildings; high population density; and cramped living quarters and 
unhealthy living conditions (Acioly 2009; Greene 2010). 
Slum improvements and upgrades would have to include improving access 
to basic physical and social infrastructures for slum communities, economic 
opportunities, tenure rights, information and institutions focusing on the poor. 
These goals are most effectively achieved through the active involvement of 
slum communities during planning, implementation, monitoring and 
management processes, and through contribution of a part of their own 
resources required for development, operation and maintenance. Slum 
improvement may also include relocation of slum communities from areas in 
which improvement measures cannot be effectively implemented to alternate 
suitable spaces. 
In Kenya, more than 70% of urban residents live in slums. In Nairobi, 60% 
of the population lives in slums that occupy only 5% of the total land area; this 
unprecedented slum growth is expected to double within the next 15 years 
(UN-HABITAT 2003). Furthermore, only 22% of slum households in Nairobi 
have running water, and 75% access water through vendors who overcharge, 
forcing slum dwellers to pay more for water than those living in middle- or 
high-income areas (UN-HABITAT, Nairobi Urban Sector Profile 2006). The 
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availability of sanitation services is also inadequate, and the use of open spaces 
and flying toilets are common. Inadequate environmental sanitation leads to 
water- and vector-borne diseases such as diarrhoea and malaria; epidemics such 
as cholera and typhoid are occurring with greater frequency (Maji na Ufanisi; 
Kibera Integrated Water, Sanitation and Waste Management Project 2007). 
To address these issues, the Kenya Slum Upgrading Programme (KENSUP) 
was developed as a collaborative initiative to draw on the expertise of a wide 
variety of partnerships. The Kenyan government is currently involved in the 
implementation of KENSUP projects in the slum areas of Kibera, Mavoko, 
Kisumu and Mombasa, in addition to the initiation of activities in Eldoret and 
other Kenyan urban centres. Apart from KENSUP, other initiatives to upgrade 
slums have been conducted in Mathare, which includes the Area 4 upgrading 
scheme. These efforts have been piecemeal with no sustainable or replicable 
impact on the livelihoods of slum dwellers. 
Slum upgrading is a process of intervention in the physical, social, economic 
and juridical structure of an existing human settlement (Acioly 2009). Cities with 
slum action plans define slum upgrading as economic, organizational and 
environmental improvements undertaken cooperatively and locally among 
citizens, community groups, businesses and local authorities. Actions typically 
include installing or improving basic infrastructure, water reticulation, sanitation 
and waste collection, rehabilitation of circulation, storm drainage and flood 
prevention, electricity, security lighting and public telephones (Fiori & Brandao 
2010).  
Upgrading, or slum improvement as it is also referred to in low-income 
urban communities, encompasses numerous proposals; however, it refers 
essentially to a package of basic services including potable water and adequate 
sewage disposal to improve the health and living standards of the community 
(Cities-Alliance 2008). However, legalization and regulation of the properties in 
situations of insecure or unclear tenure are of fundamental importance. The 
main reasons for the existence of informal settlements vary by location, but the 
most critical factors include poverty, intense demands, inappropriate standards, a 
lack of affordable legal options and a lack of investment institutions geared 
toward the needs of the poor in urban areas (Payne, 1996). 
GIS analyses have shown their value in the mapping and analysis of urban 
dynamics to guide slum upgrading. GIS provides spatially consistent datasets that 
cover large areas with high spatial detail and high temporal frequency. These 
types of datasets are necessary for urban change analysis, which is an essential 
element in ecological studies. Furthermore, GIS is essential in detecting 
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environmental change and in formulating sustainable development strategies 
(Baredo & Demicheli 2003). Accurate information on urban change is required 
for documenting growth, making policy decisions and improving land-use 
planning (Cohen 2004).  
The objective of the present study is to develop large-scale replicable 
methodology for the upgrading of slum settlements using GIS. Such 
methodology is crucial for generating an accurate vector map for services and 
infrastructure design, analysis of physical and social factors, for spatially 
referencing demographics, social and organizational data for the development of 
a framework, and for linking various tasks in the slum upgrading process.  
2. Area of Study 
The area of study is the Mathare slum, which is one of the oldest and most 
populous slums in Africa, as shown in Figure 1 Located 5 km northeast of 
Nairobi s central business district, the Mathare slum is home to more than 
700,000 people and occupies an area of approximately 6 km2 along a river valley. 
Apart from having no access to potable water, security and health care, the 
residents of this slum also have no system of roads for emergency response 
services, such as firefighting and rescue.  The makeshift housing structures 
shown in Figure 2 are constructed from mud or metal. Similar to other slums, 
Mathare is characterized by inadequate garbage disposal, substandard housing, 
poor drainage and a lack of all amenities essential for a minimal standard of 
living. 
3. Methodology 
Data Sources 
The methodology adopted in this study is composed of two core datasets. The 
first relates to dwelling and essentially represents physical and spatial data. The 
second relates to people living in the dwelling and provides social and economic 
data. Additionally, the cadastre, or the land boundary system, is considered an 
element of physical and spatial data. The data used are related and linked as 
summarized in Figure 3. The major data types are defined as base, physical 
spatial, and socio-economic. The former two are linked to the dwelling and the 
latter to the head of the household. 
The base data were constructed from raster images mostly in the form of 
aerial photographs of varying resolution to provide a visual backdrop. These 
images provide the basis for the shack vector map of the site, to which shack 
numbers can be added to provide dwelling identification. The physical spatial  
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Figure 1. Location of Mathare slum in Nairobi, Kenya.
Figure 2. Concentration of shanties in the study area.
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data describe the slum site and include all data related to the site on which the 
dwellings are situated, in addition to cadastral data and the spatial planning 
framework elements that impinge on the site. The term  physical  is used here to 
describe the attributes of the site that are visible. If below the ground, the term 
describes geospatial elements that cover the topography and natural features 
above the ground, as well as additional features such as water standpipes, latrine 
structures and telecommunication poles. Below-ground structures are also 
captured, including the engineering services, the nature of the underlying ground 
formation and the water table. The cadastral data covers all cadastral boundaries 
and servitudes. The term  spatial  relates to the non-physical spatial definition 
of the site, including zoning boundaries or spatial-structuring elements already 
proposed for the site. 
Development of Methodology 
Slum settlements are multifunctional environments, the upgrade of which must 
be recognized and supported. Such a measure requires the adopted upgrade 
development to be multifaceted and flexible for catering to a range of 
expenditure patterns. 
The upgrade development began with an assembly of geospatial data, which 
was gathered and divided into three categories including base data; demographic, 
social and organizational data; and spatial and physical data. The base data was 
acquired from satellite images and aerial photography. Relatively high accuracy is 
required for the positioning of shacks, which was adequate for the first phase of 
this work. Images were used to develop housing typology and an accurate vector 
map of the slum area for use in service and infrastructure design. The shacks were 
then numbered as part of the attribute creation process. 
The demographic, social and organizational databases were organized into 
various categories covering the head of the household, spouse, children and 
other residents of the shack. The information covers the basic profile of an 
individual, his or her residence in the area, linkages to other geographical areas, 
education, employment and skills. The information was then linked to the shack 
number to form a connection with the base data. The output from this second 
set of data was used to create a series of thematic maps that portrayed the 
information spatially. The spatial and physical data were used to create an overlay 
of physical constraints on individual shacks. Thus, the cadastral boundaries were 
linked to individual slum shacks. 
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Data Integration for Framework Development 
GIS techniques employed for data integration include spatial analysis techniques of 
buffering and queries to arrive at indicators. First among the issues requiring 
attention was the potential relocation of shacks and the previously identified 
physical characteristics represented potential constraints. Each characteristic posed a 
risk to a shack, requiring the extent of the risk to be defined. Superimposing the 
physical constraints on the existing shacks highlighted the areas of potential risk 
and the dwellings affected. For example, the impact of flooding on an infrastructure 
provision is important for access route availability. Such impact was determined 
using buffering techniques, with buffers being created around various road 
centreline options, to highlight the slum shacks affected by a particular choice of 
road reserve. 
Other effects on shack relocation were derived from social and amenity 
services, which were incorporated into the area analysis. Similar analysis 
techniques were applied, which led to various planning scenarios. 
Figure 3. Methodology adopted for the GIS framework for slum upgrading.
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4. Results and Analyses 
The integrated spatial information system described here provided a framework 
to support and integrate the diverse needs for slum upgrading in Mathare Valley; 
Figure 4 shows the results of the vectorization process. Each slum shack in the 
study area was digitized to generate a vector map. The vectorization process 
described was set against a backdrop of satellite images and aerial photographs. 
Attribute information, which consisted of house identification characteristics 
including the number assigned at ground level, was then added to the shack 
vectors on the ArcGIS platform. Other details captured during the vectorization 
process included all roads within and near the slums, the network of movement 
corridors within the settlement and other features. 
Figure 4. Vectorized map of the study area
Slum upgrading processes require access to all information and technical support 
to completely determine the implications of various decisions. As a visual 
medium, GIS was designed to aid in the assimilation and processing of data. 
Based on the collected data, the GIS platform was used to display the existing 
conditions to provide a useful background for informed planning. GIS spatial 
analyses of buffering and querying assisted in the creation of various planning 
scenarios. Some of the analyses performed include an accessibility analysis using  
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Figure 5. Spatial referencing of demographic and social data.
major and minor access routes into the slum valley area; land use, including 
susceptibility to flooding and landslides along the slum valley; water and 
sanitation infrastructure; utilities and socio-economic situation analysis. The GIS 
spatial analysis shown in Figure 5 was used to link the demographic and spatial 
data. 
Spatial analysis formed the basis for building developmental framework 
scenarios for slum upgrading. The physical environment has an impact on 
individual families that would have to be relocated either internally or externally, 
and installation of services has an impact on the dwellings. Figure 6 illustrates the 
land tenure situation in the Mathare slum area, which formed the basis of 
planning scenarios for slum upgrading. 
Figures 7 and Figure 8 show a selection of the planning solutions generated 
through spatial modelling. Other planning scenarios include those for roads to 
allow for travel and transit, power and water infrastructure distribution networks 
and sanitary infrastructure.  
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Figure 6. Land tenure in the slum area.
Figure 7. Spatial planning scenario within the riparian reserve.
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Figure 8. Proposed sewer development parameters.
These scenarios, coupled with analyses of existing conditions within the slum, 
spatially referenced the settlement s socio-economic data and linked the results 
of these analyses. These actions allowed for the development of a framework 
that would facilitate the improvement of services in the slum while maintaining 
socio-spatial relationships within the settlement. 
The analyses of the results obtained show that the framework developed for 
use to upgrade slum areas generated useful vector maps of Mathare slum 
settlements. Furthermore, the framework facilitated analyses of existing 
conditions in the slum settlements and played a central role in spatially 
referencing the socio-economic factors of these settlements. Ultimately, the 
framework was useful for integrating the results of various analyses to propose a 
slum upgrade and development framework. This integrated framework can 
facilitate the improvement of services in the slum settlements while maintaining 
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socio-spatial relationships within the settlement and thus help to achieve the 
millennium development goals as scheduled. 
Further research analysis indicates that relocations from within the riparian 
reserve would be numerous; therefore, a more minimalistic approach would be 
preferable. Moreover, several planning scenarios were generated to guide slum 
upgrading. Figure 8 shows one such scenario related to sewer services. This 
research, therefore, illustrates the role of GIS in slum settlement upgrading as a 
medium for the spatial representation of these settlements and as a system 
management tool. 
5. Conclusion 
Developing countries are experiencing a high rate of urbanization attributed to 
the high rural-to-urban migration rate, high natural population growth in urban 
areas, extension of urban centre boundaries, and uncontrolled growth and 
expansion of trading centres over time. Due to inadequacies in the planning, 
management and availability of basic urban infrastructure and services for urban 
areas with high migration numbers, this urbanization process is occurring 
haphazardly without control or regulation and has led to slum growth in which 
approximately 60% of the urban population lives in developing countries. As a 
response to slum settlement problems, numerous countries have adopted various 
strategies. For example, the development goals for the United Nations  
Millennium Declaration seek to address essential dimensions of poverty and its 
effects, and call for coordinated policies and actions related to slum upgrading, 
environmental sustainability and eradication of extreme poverty and hunger.  
To help mitigate the problem of slum upgrading, the present study sought 
to demonstrate the role of geospatial technologies in slum upgrading, as a 
medium for spatial representation of these informal settlements, to guide their 
management and planning. The main objective, therefore, was to develop a 
large-scale replicable methodology for slum settlement upgrades using GIS. 
To achieve this objective, GIS spatial analyses techniques of overlay, 
buffering and querying were employed. The datasets used included base data 
consisting of raster images of aerial photography and satellite remote sensing 
images; physical spatial datasets, including cadastral data and slum features; 
non-physical spatial data such as demographics and social and organizational 
data. A methodology was developed within a GIS environment to integrate these 
data to create a slum development and upgrading framework. This framework is 
crucial in the generation of an accurate vector map for services and infrastructure 
design, analysis of physical and social factors, for spatially referencing 
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demographics, social and organizational data and for linking various tasks in the 
slum upgrading process. 
The results obtained here show that the developed framework succeeded in 
generating vector maps of the Mathare Valley slum settlements, analyses of 
existing conditions within the slum, spatial references of the settlement s 
socio-economic factors, and the integration of these analyses results. 
Furthermore, the results enabled the proposal of a slum upgrade and 
development framework that facilitated the improvement of services within the 
slum while maintaining socio-spatial relationships within the settlement. 
The research findings indicate that relocations from within the riparian 
reserve would be numerous; therefore, a more minimalistic approach would be 
preferable. Additionally, several planning scenarios were generated to guide slum 
upgrading. 
This study has sufficiently demonstrated the role of GIS in slum settlement 
upgrading as a medium for the spatial representation of these settlements and as 
a tool for their management and operations. A GIS management system would 
therefore be crucial for all efforts toward slum settlement upgrading and can 
completely transform currently used slum upgrading processes. 
Using the GIS premise, this study has defined and linked the various 
elements of the upgrading process and related them through an integrated spatial 
data management system. 
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